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(57) Abstract: A light-emitting device operating on a high drive voltage and a small drive current LEDs (1) are two-dimensionally 
^) formed on an insulating substrate (10) of e.g., sapphire monolithically and connected in series to form an LED array. Two such LED 
^1 arrays are connected to electrodes (32) in inverse parallel. Air-bridge wiring (28) is formed between the LEDs (1) and between the 

LEDs (1) and electrodes (32). The LED arrays are arranged zigzag to form a plurality of LEDs (1) to produce a high drive voltage 
T}" and a small drive current. Two LED arrays are connected in inverse parallel, and therefore an AC power supply can be used as the 

power supply. 


^ (57) KM: ft i*BII«E&i;<giiMltt9t-Ctttt-r 
W (1) e=ft7GMI=%<"J£"y0»ftl. ««<DLED (1) 


£S5iJlg«!L.TLE 


(1 O) ±ICft»<BLED 


wof!>4/023568 Al 1 Hill llllllll II llllll llltl Hill I^^^ll III Hill lllll Hill lllll lllll Elll lllllll 111! llll 1111 


(si) ta&m (mti): CN, KR, RU, US. 

(84) Hfem (&&)-. a - a v (at, be, bg, ch, cy, 

CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, 
NL, PT, RO, SE, SI, SK, TR). 


DTU-ftt^. 2«§(DLEDTH"$S:tMCi£ffi14l?m« (32) lzm®-?Z> 0 LED (1) (ORSXtfLED 
(1) .tmffi (32) raiiXT^'J ^ffiSS (28) t-TSo L E D 7 l/-f S >>^f f «ICESt S C t T * »© 
LED (1) £ff*j«L. S^iB!imiEi:«l>iKi!jm3££*#&. 2o<DLED7U-ftti!«tt-e*Sfcft, m3SfcL 


^^>CT/JP2003/010922 

m m m 


WO 2004/023568 



ftitm* (led) m^m^mtimmmMmizmm^ti^m^it. zoom 

#«:ft»&£/J^<-r&;r £#T*t£o b^U »LEDf!is ^-Tb*> + 


1 


WO 2004/023568 ^p>CT7JP2003/010922 

kmrnmrns nx & & v> 0 

mom^m* mftm^Ti/j) *M^i£mM&h%n% xo^mmicmmT^^ 
tx~$iffi.mm%B!mh:-&%o &m<Dmm±mmx$>&<, &%w±mte-ox^x 

(D^mi'Tu^^M^m^mmt^ - tx, mmmmzmmmm lt^cd 
Mi^^tsc^^t-tSo 2U(o%%m^Tv^^^m^\z.mwr^ 

xmffi.Tzzttz£V)&x®ftx(DMmitm%}fcffi±x%2>o mytm^Rvmm 


2 


WO 2004/023568 ^^CT/JP2003/010922 


mmcom^mm 
mi&s &%m=? (led) (D^mwrn^^o 

EI3& S 2{@©L ED©¥MEI"e&£o 
El 4^ EI 3 CD I V- I V®T®E|-e&3o 

E|6& N 4 0{@©LED^-^7ciH^!Jbfe^BJ^T-feSo 
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0131^ El 1 2CD|M]g&ElT*&£o 

Ell 4fcfc. 1 6McDLED^-^7ciH5nJbfc^ElT-fe5o 
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iCD^mffc&TrsZnx^&o LEDli^ S4M1 0±fc:Jli&GaNJg 1 2s S 
iF-7*0nlGaN|14, InGaNMS16 % A 1 G aNI 18s pS 
GaN12 O&mm ^tis pSGaN12 0ttltpli2 2^ niGaNf 

01fc^$tlfeLEDi±mT©7°D-fe^C,J;l3^^tb?>o -r&fc>t>s 1^ 

mo t t cmmRZymmmm,*-? 1 ioou 1 o#na 

x#i o oms^hx^mm^s iNn$*fei o±^b^-t§o &&S 

rPt^t±r/W x4>©^i5t^S^{gM^-&?)fei6cD'fefD-efeDs 0T-&S i N 
H&#B&bTl^o &£s Iql-MJg-trhU^^^^U'i'AWTV^nT^X* 
#y&LTGaNJi£2 0 nmffj&S^ao i§Jg£ 1 0 5 0°Clc#mU Stf h 
^fMy)AW7>^7^IMU7> F-7GaN (u-Ga 
N) Jf 1 2 3WS i K-ronSGaNIl 4 2 //mJPJ&EI^So ^©gL 
?&Jg£7 0 0°C@jg*T-|^SbT InGaNMi 1 6^2nml^t§ 0 
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4 


WO 2004/023568 ^■>CT/JP2003/010922 
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piGaNl 2 0 ^Icftfels >>iA$MOCVD^^DHiU N 
i 1 Onmi, Au 1 0 nmJP£JII&ll^*T*^JlM£Sf&-r So 5%© 

^ii6 0 0 nmajST*$>^o ^ >^t*itii bfc nlG a NJg 1 4±fcT i 5 
nmjp, A15nmIWU ^i^X#H^tft* 4 5 0 °C N 3 0«W 
ltnili2 4WtSo itts S^l 0©»@£ 1 0 0//m£-effl|gb 

^«t^^tLfe^m^i¥i±|5im (EIT-&4M) -ro2m^^^5>tis #«acD 
LEDlii^ti^nii^JIl^^ 2mcDLED#Jfci«@ (HEIfrS®) fc*fbT 
^tt£&3cfc5fcM^g$i£*i3o ^©^fcLED^J^^^tiSCi:*: 
££Ds ^^©iKI^I«flE^ s ^JQ»$^^fcl^V^«EE-?!LED 1 £iESj-TS £ h&T* # 

So ^LEDm^©^te#^£s*t£&s<£-5 izmm^mmmm^n 

®El^^tLTVN^o £fcs EKfcis E13CDI V- I VBft®EI#^£*lT^So 
EISC^Tx LEDlCD±®fc&. El 1 lZ7j%gti%> J; -5 P«S 2 2 Mnl 
12 4#7FM£ftTl > >&o KgtSLED l©ptI2 2fcnlt2 4 £©Hg# 

®4fc:feV^s =&LED l{imBJCDH5-^±^B&^fc^$tLTV>So ffcto^ 
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^^^©F^^M^/B^tl^o 

t&ox^&o ^ WT&^;frg#if&^re&3©-tfs LEDi^^en^tim 

m^^MT§cii:/b s T^^o £©£? Ms "9-7 t-T 7il 1 0 £L ED©mm 
©«mft&#llt£fT5£^#T-£&o 

LED l#tt#J3g$5£ftT lo©LED71/^Wlt^Dv 2o®LED7 
l/>f (-&fh4 0fli©LED) #SMfcM#]£^£*lTV>£o LEDlOlil 
BEi*5 V^gg^^tlT^Dx ^LED7l/^f ©IKI&«flEi± 1 0 OVi:*otV^So 
2 o© L E D T V KB 2 Ustfi £S*Mlt£ 3 <fc 5 CSi 

5^)©t^So Eii;::fc^T> -9-77^7111 0±tC-^fh4 0f@©LED 1 
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8fc«fct)«IS^n*o 0 2^JiCDfe^6DLED 1 hfg 3 50B©&*B<OL E D 1 
aiT^U <y$?IMft2 8T?S«5$n-C^^1f^'iB5!Ii:**o H l^>J@©feSg©LE 
D ltt&Kl 0 (D&±ffilZ.ftm$ftfzmM (My K) 3 2lcmT^U y^B2»2 
8T?&JR£*U ^3 5UB©feJgCDLED 1 fcfc£« 1 0©£TSBfc^£tifc«« 
(My h*) 3 2 y i?WM2 8fi^H5o 2~d<D%M (My K) 3 

2 & LED 1 t|5l^(DjE^T*fe^o ffe^OL E D 7l/^f i±±xlibfe— E 
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LED l©#tt&xy^>^T?fr5£fc#T!£S<Z)"CN LED 1 ©HgH£$K f 

5 l e d i <o»*sitn«> ±fotisT<Dmnmm i b&m~e%z>o * 

fc> LED l(Dmm&'b£ <t§^ loOLEDife *) ©!El&mEE£l^ < "T & 
££&T'£3o LEDl§2 0«5iJfcmfci^ iSffllll (10 0V N 6 
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&^©|I]!&ia#7Tj£*i-ti^o ^©IBSiis 36*99 ft: ttEl 6 <DmWtnWLTZ& 
*K ^th6M©LEDTW>f tt^-ro2«at:^^6,tis *ft**xeaiJgffi<*ft 
tz 3 #© LEDd>?) $tf£& *l3 o -#© LED7l/^li^ ^if £ *U 
_tfr£Jf!l?!JaJ;*lM©LED 1, t&2 8JBfci:2ffl©LED 1 #^f££ ft & o $ 
l^JgCDLEDil^2^!jacD^©LED lfi^T^U i/yB«2 8 7!1i[9!l|gtt 
£*U fg2?!]g©2<®©LED 1 b^T7V y S>ES&2 8 tlMIIi^ilSo £ 
«1 0©£±|Rfc:£T»l3mffi K) 3 2^$^ |gl#Ig©LEDl 
tt^±§5©«1i3 2tx7^'J yVWMHW&iStis J8 2*|@©;£iW©LED 1 
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l±&T&<DmMS 2 \zW$i%foZ>° ffe#©LEDTW fc^lf 
±*»&fei9!IBl*2ffii©LED Is H 2#|g& H@©L ED 1 #Bfjfc£;ft,£o -ffe 
^CDLEDTW-f ©tg l^JSliBUlB— #©LEDT W©^ 1#JB i:^ 2#J@© 
B8fc?&5fc&*U ##©LEDTl^©!g2^JBy:MfB-;£©LED:rW©i!2 
^iJBCDT^Kl^^tt^o &l?!J@©fc*l©LED 1 &Sg 2 #IB©L E D ltx 
y$?IB»2 $giaiB©2ffl©LED im±%^T^^) 

y$>ffi*2 8 7?iS?US?*fe$*iao *liaiB©;fe*B©LED 1 i±;fe±SJ0D*ffi3 2 
t^^^U y^ffi«l2 8T'g^£*U lg2?!JB©LED 1 fcfcfeTS&CDWiS 3 2 Id 
x77iJv^2 8-Ci^tl«o |9*^MJ:a^ £©#|T-fc2o© 
LED7l/-f B::SV*lc3fc3nifc:mffi3 2 fci^ie&tis SV^ «t 

^fcg?«5$ilSo Ife^t, bfc«£\ 2o©LED7l/^fB: 

£ S %% T %> £ & £ o 

llOtli, -a-SM 4f@©LED*-^7niambfe#iJ^^tlT*3Ds Ell 
£&^©iaj&il#^£*lTV^o AtH 4il© L E DTW » 2 fts 

j en*ti]fi9as?«i5$nfc7ffl©LED3&»e.«^nao -^©ledti/^!^ 

WWiteimmZtis ±fr?>ig l#JBJi3<ia©LED 1 N fg2?»JBl;i4<®©LE 
D l#ff^£;txSo mi5US©^CDLEDi:^2 5ijacD^CDLED 1 fct^T 
y^E*Sl2 8-C»JJ8«fc*tls SgiaiB©3ffl©LED|E3±s &t>*!§2?!IB 
©4M©LED llU±*)3iT^U v^j£I2 8 T'iS^J^^tl^o 0©£ 
±gR££T8&£S^ h*) 3 2^^ tlx il?!Ii0ffl©LED 1 fcfc£ 

±g|$©««3 2fc::n.Ty r 'J y^SB**C«ttl**U ^2^!J@CD^©LED 1 fife 
T^©«®3 2 tl^^tl^o flfe^OLEDTl/'f fc^lf^ttfcllBfll&ftx _fc 

19>JB}i4flS©L ED Is ^2^!]@(i3^CDLED lifiMl&$tl%>o 
©LEDTl/^©mi^Jat±mf3-^CDLEDTlx^<D^l^JBi:^2^JB©^ 
tLs fte© LED7l/>f ©H 2 81 B {AtuIB— #© LEDTW©!g2?!J 
B©T^{-ff^$tL^)o ^1^11BCD^©LED 1 (±0 2^!JB©^©L E D 1 
fccnT^U <y£?£flft2 8~zmPMgM£ti%>o % 1?»JB©4{@©L ED 1 H?l±s 2fc 
t^2?!JB©3ffl©LED lR±«£9J&*k£;h£o ^ 1 #JB©£$isi©L E D 1 
?i^±as©S1®3 2tx7/'J yS>IB»2 8T-^£fts ^2^!JB©^©LE 
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EI6s EI8s m 1 OCD-^Ki^^-^fc^Mf SftfRfcLTfcfcs #LED1# 
B&iE^cD^s |eU1^XT-&S££:s 2ocdS^ F) B&IE#7£T* & D s 

diU 2o©LEDTl^y:jgffibOO^y r±fc:£Ufc£^T& 
iatl^Wi^ 2-pcdLEDTW «SVM3^tt^^^.<fcafc:m@fc: 

El 1 2 ¥UB*K2) S H^|J&GD LED %n&7cffiai bfel^©W^^tlt 
* ^ IU1 3 {Ci±^©IIIgSEI*$^^tLTl>^o El 1 2 IC&^Ts 6 fliI<DL E 
D 1 a, lbs lcs Id. le, 1 f &*(D¥WJ&Mfi^ni&Vtt.l3iZ £ 3 
7fcf££ftW3o LED 1 ailLED 1 e 2 OTJB&IE 
tfBfc&a.fc'SfclBSSftx LED 1 1 f IfiftfaXsX 2-D~eifaJEJj]&£teZ> 
«fc3 tUBS^H^o tf^ LED ldi:li3 2^btiiU LEDlc 
tlt3 2 AS^flRlbT^-r^o 2ocD«S3 2 L E D ^If^fc^SiB^H 
ITOfcl&m:fr^fc&a«i:5fcIBB&ti£o LEDPI±©^lnJT^) 
5attn«ffi2 4*«tdtU -f&;bt>s ^|qI-r*2ocDLEDH:nmffi2 
•T^o LEDhii3 2*)nlI»fe5o ClCDIES&s ±iiibfe^Ji:imifc 
&m6m<DLEm±2m.lzfrttt>ti%o — ^©LED7l/^ fcfcs L E D 1 a. L 
ED lb s LEDlc*>f>J&5?l/^T^Ds LED 1 a©pH2 2iiH3 
2 fc^T^U ?S>£]|ft2 8T*^^tis ®ni| 2 4liLED 1 bCDpm@2 
2 hx-TfV yPMU2 Sxmm^fi^o LED 1 bCDnS®2 4l±LEDlc 
©p«@2 2 h^T^U y3>fitil2 8-cmm&ti&o LED 1 c©nii24li 
ii3 2tIi$tl5oM©LED7U-f^ LED Ids LED 1 e s LE 

d i ffr^mmzti. m,M3 2 ^led 1 f ©p«@2 2 ji^^u ^pwbm2 

8T-1£Wi$tls LED 1 f CQnS@2 4{±LED 1 e©pI12 2 hoiT^U y 
^S«S2 8T-^^tis LED 1 e©n«H2 4 h L E D 1 d©pit2 21Z*. 
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T~7V y*?WM2 8fii^^ LED 1 dODn«ffi2 4 fctmH 3 2 fcg^Sih, 

S o 

Ell 3fc&l^ — #CDLEDTW ^i^t^LED 1 a il'f&^OL ED7 
W£1iJ?rf £LED 1 e©n«^A s ^^tlT*5t)N -^©LEDTl/'f §1 
$>TZ> LED lbiiffe^CDLEDTW^ffcTSLED 1 f ©n**g#8Sfc£ 
:HTl^jft£fc«g2*i;fcl>o 2m©LEDTW©^<ofr©n*1S£;£*f-r 

$s£ft£o tfes §LED« ^Xtfe^ ^LED*-o©3at?^|qI 

mi 4JC&s ¥Wm^=^^©LED^-^75ia^!Jbfc^©^J^^nT^ 
El 1 5£&^©II]S&ia;b J ^£*lTV>£o Z<DmT*&s -ath 1 6fla©L EDI 
a-lr*s-»^titl^o LEDlaJ:lj\ lbi:l^ lcfclm. 
1 drills lehlps 1 f h 1 1 gil 1 r^^ti^etvH^©— ocD?3 

-e^iRi-r^o ^riqi-r§3afciin«®2 4 *i/rv^ 0 ledi 
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